The present study was undertaken to detect parvoviral infection among various breeds, age and sex of dogs using Loop-mediated isothermal Amplification (LAMP) assay. A total of 54 faecal samples collected from diarrheic dogs suspected for CPV infection were subjected LAMP assay using the specified primer sets. Out of the 54 samples collected, 39 (72.2%) were found to be positive using the assay. Analysis of the collected data indicated that pups below five months of age group showed higher risk for CPV enteritis. Breed-wise distribution of CPV infection showed highest occurrence in Rottweilers when compared to other breeds. Also, the occurrence of CPV infections was noticed higher in male dogs than in females.
Introduction
Canine parvoviral infection is one of the most significant viral causes responsible for neonatal death in pups [1] . The causative agent behind this was found to be CPV-2 causing high morbidity and frequent mortality among the infected dogs [2] . As per International Committee for Taxonomy of Virus (ICTV) 2013, CPV is classified as Carnivore protoparvovirus 1 in the genus Protoparvovirus of the family Parvoviridae. The CPV-2 was emerged in late 1970s and few years after its emergence, it was found that there were two antigenic variants designated as CPV-2a and CPV-2b which are now distributed worldwide [3] . There are many reports documenting the prevalence of CPV 2a and 2b infection in various parts of India, especially in Kerala [4] West Bengal [5] Pondicherry etc. [6] .
Among the various diagnostic aids, Loop mediated isothermal amplification (LAMP) is a novel nucleic acid amplification technique to amplify specific DNA sequence and the technique is simple, cost effective alternative to PCR under isothermal condition with product visible to naked eye [7] . The basic principle of this technique is auto cycling strand displacement DNA synthesis using specific polymerase enzyme with high strand displacement activity like Bst polymerase. Here amplification can be detected by observing directly the turbidity, the fluorescence after adding DNA-binding dyes like Propidium iodide or by the presence of ladder-like multiple bands on 2% agarose gel Even though there are reports indicating dogs of all ages, breeds and sex could be susceptible for CPV infection [8] studies by many workers showed that dogs below six months were commonly affected [7, 9] . Ernst and Glickman reported equal susceptibility for CPV enteritis among all breeds of dogs, however, [9] Glickman opined that Rottweilers and Doberman pinchers showed higher percent of infection compared to other breeds which is in accordance with the findings of Rogers and Houston [10, 11] emphasized CPV incidence in breeds such as Rottweilers, Bull terriers, Doberman pinschers, and German shepherd dogs was higher compared to Toy poodles and Cocker spaniels.
According to Ramadass et al. [8] [9] [10] both sexes were equally susceptible for developing CPV infection. Houston [11] detected that the incidence of CPV infection was higher in sexually intact dogs than in neutered dogs.
Materials and Methods

Collection of sample
Fifty-four feacal samples were collected from diarrheic dogs suspected for canine parvoviral infection that were brought to teaching veterinary clinical complexes of Kerala Veterinary and Animal Science University situated at Mannuthy and Kokkalai. The animals were showing profuse diarrhea with fetid odor and the fecal samples were mixed with blood. The samples were collected during January 2014 to July 2015. Detailed case history with special reference to age, breed and sex were also gathered. Sterile rectal swabs were used for collection of samples and after collection, the swabs were immersed in 1.5 mL of sterile PBS of pH 7.2.
LAMP assay
The template DNA was prepared using crude method of boiling and chilling. Briefly, the fecal samples immersed in PBS were clarified by centrifugation at 9500 × g for 15 min. at 4°C in a cooling centrifuge (Dynamica). Two hundred microlitres of the clarified faecal suspension was boiled at 96°C for 10 min and chilled immediately in crushed ice [12] . Then the sample was centrifuged at 3000 × g for 10 min in a cooling centrifuge (Remi C-24). LAMP technique was performed as per the protocol described by Ref. [13] . LAMP was performed in 25 µl total reaction volume containing extracted DNA (template), Forward outer primer (F3, 5' GTAAACCATGTAGACTAACACAT 3'), Backward outer primer (B3, 5' GCACTATAACCAACCTCAGC3'), Forward inner primer (FIP GCTCCTTCAGATTGAGGCAAAGACATG-GCAAACAATAGAGCA) , Backward inner primer (BIP, GTTCAA-CAAGATAAAAGACGTGGGGTCTCATAATAGTAGCTTCAGT), deoxynucleotide triphosphates, MgSO 4 , Betaine, Bst DNA polymerase large fragment and sterile triple distilled water. Except betaine (Sigma-Aldrich), all the other reagents were obtained from New England Biolabs. LAMP was performed by preparing reaction mixture. The template DNA was prepared from the faecal samples by boiling and chilling. LAMP technique was performed in 25 µl total reaction volume containing 5 µl of extracted DNA (template), one µl (40 pmol) each of FIP and BIP, one µl (5 pmol) each of F3 and B3, 2.5 µl of a 10 X. ThermoPol reaction buffer, 3.5 µl of 1.4 mmol/ ml deoxynucleotide triphosphates, 1.5 µl of 8 mmol MgSO 4 , 4 µl of 0.8 mol betaine, one µl of 8 U Bst DNA polymerase large fragment and 4.5 µl of sterile triple distilled water. The whole isothermal reaction was performed in a simple water bath by incubating the reaction mixture at 63°C for 60 min.
Results and Discussion
Among the 54 samples tested using LAMP, 39 samples were found (72.2%) positive for parvovirus (Figures 1 and 2 ).
Age-wise distribution of CPV infection
The age wise comparison of the occurrence of CPV infection among the examined samples are shown in the Table 1 and Figure 3 . The present study revealed that pups below five months of age group (84.00 per cent) showed higher occurrence of CPV enteritis, followed by dogs of five to eight months (64.70 per cent). The dogs above nine months of age (58.33%) showed least occurrence of CPV.
Breed-wise distribution of CPV infection
The incidence of CPV infection among the different breeds are represented in the Table 2 and Figure 4 . Among the samples screened for CPV, the highest incidence of CPV infection was noted among the Rottweilers (81.0%), followed by German shepherd (80.00 per cent). Also, the disease was prevalent among Labradors (66.77 percent), nondescripts (66.77%) and Doberman pinscher (61.54%).
Sex-wise distribution of CPV infection
Analysis was done based on results the observed separately in male and female animals (Table 3; Figure 5 ). The results revealed that the 
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Conclusion
Parvoviral enteritis caused by canine parvovirus type 2 (CPV-2) is an acute and highly contagious disease causing high morbidity and mortality in dogs. Early diagnosis of the disease is essential so that therapy can be initiated at an early stage, thus minimizing mortality rate. In the present study, by LAMP assay 39 samples (72.22%) were detected as positive among the 54 samples screened for CPV infection. In a previous study Cho [14] identified LAMP assay was more sensitive and specific in detecting CPV from faecal samples.
Present study indicated that the CPV infection is distributed mostly among pups under five months of age (84.00%), while infection among the dogs above nine months of age was found to be less (58.33%). Khan et al. [15] opined that factors like lack of maternal immunity and poor immune-competency predispose the pups under five months of age for parvo infection. All the pups observed in the present study were weaned. Results of the present study and that of the previous researches Rogers, Houston, Khan and Castro [10, 11, 15, 16] on effect of age of animal for CPV infection revealed that more than 50 per cent of the affected animals were below 5 months of age.
Among the samples screened for CPV, the highest incidence of CPV infection was noted in Rottweilers (81.0%), followed by German shepherd (80.00%). Many studies indicated that Rottweilers showed higher per cent of infection compared to other breeds [9] [10] [11] . which is in accordance with the present findings. Some studies emphasized that the occurrence of CPV infection was more in German shepherd dogs than in other breeds [17] [18] [19] [20] . Likewise, in the present study German shepherd dogs were the second most affected breeds as far as CPV infection was concerned.
In this study, the occurrence of CPV infections was higher in male dogs (80.65%) than in females (60.87%). A higher incidence of parvoviral enteritis in males than in females was also reported [2, 21, 22] . The higher incidence of CPV in males was attributed to the habit of males, which travel more than females, thereby getting more exposed to parvo infected faeces [22] and are thereby more prone for CPV infection [23, 24] . 
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